Pathogenesis of the vascular disorder
While systemic arteries respond to increases in blood pressure by hypertrophy and even hyperplasia of their smooth muscle coat, the smaller arterioles are liable to develop destructive as well as adaptive changes, since it is here that the main step down from arterial to capillary pressure takes place.
Arteriolar smooth muscle responds to increases in intraluminal tension by contracting and consequently, although such vasoconstriction tends to be more pronounced in the malignant phase where pressures are higher, it is not peculiar to malignant hypertension. The distinctive manifestation of the malignant phase occurs when the constricted vessel succumbs to disruptive forces. The resultant necrosis is usually focal and, in the retina, occurs principally within the terminal precapillary arterioles. Experimental studies using cynomolgus monkeys with blood pressure increase secondary to induced renal ischaemia have shown that the essential feature of these arterioles in hypertensive retinopathy is leakage of plasma into the vessel wall, the leakage being related to breaks or holes in the endothelial lining (Ashton 1972 , Garner et al. 1975 .This accumulation of plasma in the vessel wall has been termed an insudate and is the basis of fibrinoid necrosis, long recognized in histological sections as the hallmark of the malignant phase. Incidentally, since the material includes fibrinogen polymerized to form banded fibrin it is probably more appropriate to speak of fibrinous necrosis.
The initial break in the endothelial lining of the vessel appears to be caused by stretching and attenuation related in turn to degeneration of the surrounding smooth muscle coat ( Figure I ).
Loss of support from the muscle coat allows focal rupture of the lining endothelium. In studies of tissues other than those of the eye separation of the junctions linking individual endothelial cells has been described (Ooneda et al. 1965 , Giacomelli et at. 1970 ), but we saw no evidence of this in our studies of the retinal vasculature: nor did we see any convincing sign of increased pinocytotic transport of plasma across intact endothelium. Although it is conceivable that transient separation of the intercellular junctions occurred, we were not surprised that permanent separation was not found since, in contrast to vessels outside the central nervous system, the endothelial cells of the retinal vessels are joined by tight encircling junctions which are unusually resistant to disruption.
Once gaps within the cytoplasm of attenuated endothelial cells have been created plasma seeps into the wall, displacing the degenerate muscle cells as it does so, and the mural thickening which results narrows the lumen and further impedes blood flow.
The steps we have outlined are essentially beyond dispute. The only matter for debate is the cause of the muscle degeneration preceding and disposing to the endothelial damage. On the basis that the arteriolar constriction is an adaptive response to the rising blood pressure, it is conceivable that beyond a certain level the capacity to adapt will be exceeded and that the muscle coat will yield to further stress. This concept is supported by some clinical studies on the cerebral circulation (Lassen & Agnoli 1972 , Strandgaard et al. 1973 and has been referred to as 'breakthrough of autoregulation'. Alternatively, one explanation of this failure might be that the muscle degenerates as a result of ischaemic damage from prolonged and excessive focal vasoconstriction with its attendant metabolic aberrations. Support for this second possibility comes from our own electron microscopical studies, in which we observed pronounced arteriolar constriction with incipient degenerative changes in the cytoplasm of some individual muscle cells (Garner & Ashton 1970 , Garner et al. 1975 .
To summarize (Figure 2 ), we consider that the sequence of events in the production of fibrinous necrosis in retinal arterioles is: (l) A phase of intense vasoconstriction 'affecting chiefly the precapillary arterioles. (2) Smooth muscle degeneration leading to a loss of support for the endothelium. (3) Focal breaks in the endothelium allowing plasma to seep into the vessel wall. (4) Mural necrosis and plasmatic insudation leading to obliteration of the lumen. 
Pathogenesis of the extravascular changes

Haemorrhages
Bleeding occurs through the walls of necrotic arterioles and, since vessels of this type are located within the nerve-fibre layer, the haemorrhages assume a linear or flame-shaped distribution.
Cotton-wool spots
Occlusion of precapillary arterioles as a result of fibrinous necrosis gives rise to focal ischaemia in the dependent capillary bed. Increasing metabolic embarrassment occurs over the next few hours within the inner layers of the retina, culminating in a zone of nerve fibre swelling. Eventually many swollen axons disrupt because of ischaemic necrosis, and the residual stumps undergo further swelling and form bulbous structures recognized in histological sections as cytoid bodies (Ashton & Harry 1963) . The swelling, which in part is likely to be due directly to anoxia and intracellular oedema, is compounded by interference with axoplasmic transport (McLeod 1976) . Tracer studies indicate that there is interruption of flow in both orthograde and retrograde directions, axoplasm entering the disrupted regions and accumulating because the local source of energy required to propel fluid away is lacking. The swollen region eventually undergoes extensive necrosis, with the lipoprotein membranes of degenerate organelles congregating in the centre of the terminal bulb to constitute the pseudonucleus of the cytoid body. Subsequently the necrotic axons are removed by retinal macrophages and replaced by glial tissue.
Exudates
Although exudates almost certainly originate along with the haemorrhages they tend to present somewhat later in the course of the retinopathy. This is because initially their consistency is little different from that of transudative oedema and only later, as they pool in the outer plexiform layer or in Henle's layer at the macula, do they become progressively inspissated and recognizable as hard creamy-yellow exudates.
Papilloedema
Swelling of the optic nerve head is associated with plasma leakage, as fluorescein studies confirm, but the major factor appears to be swelling of the nerve fibres as they pass through the disc region. Like the cotton-wool spot, this represents ischaemic swelling and consequent interference with axoplasmic flow in the nerve head. Both the exudation and the ischaemia are related to fibrinous necrosis of the smaller arterioles supplying the optic disc, although other factors, such as impeded venous outflow, complicate the pathogenetic mechanism of the papilloedema.
